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AN EXPRESSION SILENCING SYSTEM AND DIFFERENT TTSES 

THEREOF 



FIELD OF THE INVENTION 

The present invention relates to au expression-silencing system which is capable, upon 
introduction thereof into a selected cell, of rendering the expression, at the RNA level, of a 
target sequence in said cell, in a tissue or organ regenerated therefrom or in a progeny 
thereof substantially silenced. The invention also concerns the different uses of the 
expression-silencing system of the invention. 

BACKGROUND OF TRF TN VENTION 

There have been some attempts by scientists to increase expression levels of transgenics in 
transgenic animals and plants by the introduction of a bacteriophage^ polymctasc/T7 
promoter (T7-pol/pT7) system thereinto. T7 RNA polymerase (T7-pol) ia a single 
polypeptide of —98 kDa which specifically recognized the short viral promoter pT7 [Dunn 
JJ. */ ah J. Mol. Biol. 166:477-535 (1983); Mofiatt B«A. ex al. J. Mol. Biol. 173:265-269 
(1984)]. T7-pol does not require auxiliary proteins for transcription [Chamberlin M., and 
Ryan T. The Enzymes Ed. Boyer P.D. Academic Press N.Y 15:87-108 (1982)] and 
recognizes a single (albeit not stringent) terminator* 

It was suggested chat any gene placed under the control of the T7 promoter will be 
specifically and strongly transcribed by a cloned T7 RNA polymerase, which was proven 
to be successful in bacteria [Tabor S. 5 and Richardson C.„ Froc. Natl. Acad. Sci USA 
82:1074-1078 (1985); Studier F.W„ and Moffatt, B.A., J. MuL Biol. 189:113-130 (I986)J, 
and somewhat successful in animal cells [Fucrst T.R., et ah Proc. Natl. Acad- Sci. USA 
83:8122-8126 (1986); Fuerest TJL, et al Mol. Cell. BioL 7:2538-2544 (1987)] Dunn LL, 
et uh Gene 68:259-266 (1988); Lieber, A., et al. Nucl. Acids Res. 17:8485-8493 (1989); 
M ss,B., e/ al Nature 348:91-92 (1990)J. 

The situation in plants is more vague. The expression of "17-pol in tobacco protoplasts and 
the NLS-direction of the expr essed enzyme t o the nucleus has been reported [Lassncr M.W 
et aL Plant Mol. Biol. 17:229-234 (1991)1. In addition, the expression of either T7-pol or a 
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reporter gene driven by the T7-pol/pT7 system in plants was described [Caviedes, M. A., & 
al^ Abstract #479 of the 4 th Ind Congress of Plant Mol, Biol £1994); Turtle A., er 
Abstract #478 of the 4* Intl Congress of Plant Mol. Biol (1994); Wcschke W., Abstract 
#480 of the 4 th intl Congress of Plant Mol. Bfol (1994)1. A more successful 17-poi/pT7 • 
expression system was described puttie, A. ef al. Abstracts of the 4* Int. Congress of 
Plant Mol Biol #478 (1994)] in which T7-pol expressed in tobacco but targeted to the 
protoplast, directed expression of GUS* A T7-derived system which promotes expression 
in plants was also described in the coarse of a novel method to produce hybrid seeds [U.S. 
Patent No, 5,659,124] and in plnstzds which may be considered as prokaryotic cells 
[McBride, K-£. er aL Proc. Natl. Acad. ScL USA 91:7301-7305 (1994); U.S. Patent 
5,545,817], 

Gene silencing in transgenic plants is a documented phenomeno n , which relates to the 
introduction of a foreign .gene into a cell thereby inducing its silencing, rather than its 
expression [Cox KLH., and Goldberg TLB. in Plant Molecular Biology, A Practical 
Approach (Shaw, C Ji, ed). Washington DC TRL Press, pp.1-33 (1988); Baulcomb* D.C., 
and English JJ., Curr, Opin, Biotechnol. 7:173-180 (1996); Meyer P., and Saedlcr, H., 
Acnu. Rev* Plant PhysioL Plant MoL Biol. 47:23-48 (1996); Stain M., sf aL Ann. BoL 
79:3*12 (1997)]. In general* the inswiion of~a- particular gene into a plmt^oay ewae the 
silencing of homologous native or transgenic genes, which is referred to as 
"co-suppression" [Depickcr A-, et ah Cmr. Opin* Cell BioL 9:373-382 (1997); Matzke 
M-A-, 0t aL EMBO J, 8:643-649 (1989); Matzke MA, «r aL MoL Gen, Genet. 238: 
379-386 (1993); Napcli C, m al. Plant Cell 2:279-289 (1990)]. Co-suppression may also 
be caused by the introduction of homologous KNAa into the ceUs, such as viral RNAs 
[Lindbo JA-,er<rf, Plant Ceil 5:1749-1759 (1993); Mueller E., Plant J- 7:1001-1013 
(1995)]. 

Silencing may occur at the transcriptional level, U. inhibition of transcription [Flavell 
R.B. Proc. KetL AcadL ScL USA 91:3490-3496 (1994); Matzke M.A. ei aL in Homologous 
Recombination and Gene Silencing in Plants Ed. Paszkowski J. Klmver Academic 
Publishers, Dordrecht 271-307] or post-trauscriptionally {Van Blokland R- et at. Plant J, 
6:861-877 (1994); B crjan W„ et -at. Plant Cell 6:1401-1414 (1994); De Corvalhu-Niebel 
F., er aL Plant CeU 7:347-358 (1995)]. It has been suggested that silencing at the 
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poBt-transcriptional level is caused by degradation of the priroary transcripx of the 
expressed gene, thus no mRNA and no protein will be found in the cytoplasm Uanzor 
M.M., et el Plant Cell 9:1411-1423 (1997)]. Funhennoie, suencing-iriggering 
mechanisms involving the sensing of RNA levels [Goodwin J., et o/. Plant Cell 8:95-105 
(1996); Smith C.J.S., «r Mol. Gen. Genet. 224:477-481 (1990); Metzlaff M., ef of. Cell 
88:845-854 (1997)] or ectopic pairing of homologous DNA sequences [Baulcombe D.C., 
and English JJ, Curr. Opin. Biotechnol. 7:173-180 (1996); Matake MA, Dev. Genet 11: 
214-223 (1990)] have also been suggested. Plant cell* which have been silenced fox a 
certain viral transgen and thus became resistant to virus infection due to the specific 
degradation of viral sequences have also been described [Lindbo J.A., et ai. (im).lM£: 
Goodwin et al. (1996) ibid.]. 

ftt/MMARy nv TUB INVENTION 



The present invention relates to arTel^^io^sUenctog-system comprising:- (a) a first 
DNA construct comprising a nucleotide sequence corresponding to the T7 RNA 
polymerase gene CT7_-pol)_or « a .functional equivalent or ferment thereof, which 
sequence carries an NLS sequence, the construct further comprising at least one promoter 
and at least one tenninator sequence operabry linked to said T7-pol; (b) a second DNA 
construct comprising a T7_.promotcr sequence (pTTJlor a functional rragmCTtJhereof, at 
least one targeting sequence downstream to said pT7 and at least one 3' non-transhued 
terminator sequence eperably linked to said targeting sequence: which system is capable, 
upon introduction thereof into a cell, of rendering the expression at the RNA level of a 
target sequence in said cell, in a tissue or organ regenerated from said cell, or in a progeny 
thereof, substantially silenced, by causing the substantial disappearance of the RNA or 
RNA transcript carrying said sequence or a functional part thereof. 

In the same aspect, the invention relates to an expression-silencing system comprising a 
nucleotide sequence corresponding to the T7 RNA polymerase gene CT7-pol) or a 
functional equivalent or fragment thereof which sequence carries an NLS sequence, the 
construct further comprising at least one promoter and at least one tenninator sequence 
operably linked to said T7-pol, a T7 promoter (pTT) or a functional equivalent or fragment 
thereof, at least one targeting sequence downstream to said the pT7. and at least one 
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additional terminator sequence opetably linked tn said nucleic acid sequence of interest, 
said system being capable, upon introduction thereof into a cell, of rendering lie 
expression at the RNA level of a target sequence in said cell, in a tissue or organ 
regenerated from said cell, or in a progeny thereof, substantially silenced, by causing the 
substantial disappearance of the RNA or KNA transcript carrying said sequence. 
In a second aspect the invention relates to a process for the transformation of a plant with 
a geae-3ilenrinK system, which process comprises:- (a) transforming plant cells with the 
expression-silencing system of the invention; (b) selecting the plant cells transformed with 
at least one DNA construct according to (a) and regenerating said selected cells to provide 
a differentiated flowering plant; and (c) hybridizing a plant transformed, with said first 
DNA construct with a plant transformed with said second DNA construct, which first plant 
and second plant are o btained in 00. said hybridization thus providing a 
double-transformed plant in which the expression of a, target seq uence is subst antially 



Further, the invention relates to a method for producing a transgenic plant carrying a 
substantially silent target sequence, by hybridizing a plant carrying and expressing said 
TargetsequeWwitti a transformed plant obtained by the process of the invention. 
Still further, the mvention relates to a method for producing a transgenic plant carrying a 
substantially silent target sequence, by grafting a plant, or parts thereof, carrying and 
expressing said silent target sequence on a transfonned plant obtained by the process of the 
invention. 

Yet further, the invention relates to a method of silencing the expression of a target 
sequence within the genome of a plant or within the genome of a plant-infecting pathogen, 
which method comprises the steps of: (a) providing a first plant capable of regenerating; 
Cb) hybridizing said first plant with a second plant transfonned with the expression- 
silencing system of the invention; and (c) selecting those plants obtained by the 
-hybridization of step (b), in which the expression of said target sequence is substantially 
silenced. 

FinaUy.the invention relates to.a method of jgentifying nuclcie ncid of interest within the 
genome of a plant, wherein the nucleic acid of interest encodes a pre-defined plant 
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phenotype. which process comprises the steps of:- (a) providing a first plant carrying in its 
genome said nucleic add of interest; (b) oanrfbrming said first plant or cells thereof with a 
second plant or cells thereof, respectively, transformed with me expression-aUencing 
system of the invention; (c) selecting from the population obtained in step (a) transformed 
plants/plant cells in which the pre-defined phenotype is substantially silenced; and 
(d) employing said random nucleic acid sequence within the genome of transformed plants 
selected in step (c) as a probe in screening genomic DNA and cDNA libraries of said first 
plant, thereby identifying the gene comprising said random nucleic acid sequence, which 
gene is responsible for said pre-defined phenotype. 
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Figure 1A-1C Schematic representation of the vurious constructs introduced into plants. 

Fig. IA represents the p35S-GUS construct, Fig. IB represents the 
p35S-T7pol construct aiidFig.lCpT7'GUS construct 
Figure 2 Western blot analysis for the expression ofT7 RNA polymerase. 

This figure represents the Western blot analysis for the expression of 
17-poL Lane I i'tHi--*'— protein extract from a non-transformed plant 
Lanes 2 to 7 indicate extracts from various double-transformed plants. 
Lane 8 represents a commercial T7 RNA polymerase. 
Figure 3A-3B Nuclear run-on transcription assay of p33S-GUS and 
p 35S~T7poUpT7-GUS plants. 

Fig. 3A- T ranscri pts from p35S-GUS nuclei served as a probe. Fig. 3B- 

Transcripts from p35S-T7pol/pT7-OUS nuclei served as probes. The 



various membrane "slots" contain plasmids carrying portions of the 
following cDNA sequences: OUS, the nuclear subunit of rubisco (Rub), 

ax: tin ( Act), NPTH (Km), T7-pol ^ j^^^jg^fl^ 

irrelevant plasmid Bluescript (B.S.)- Empty slots axe mdieated by (-). 

Figure 4A.-4BT~SNase protection assay. ~ 

Fig. 4A shows RNase protection assay with a T7-pol probe, presented by 
the two left lanes and RNase protection with a OUS probe presented by 
the two right lanes. Fig. 4B shows the RNaac protection assay with an 
actin probe, 35S-GUS designates RNA extracted from p3SS- 
GUS-canyiog plants, whereas, T7-OUS designates RNA extracted firom 
plants carrying p35S-T7-pol/pT7-GUS. The arrows indicate the expected 
positions of OUS, T7-pol and aotin. 



WU 00/42206 - 7 - PCT/ILOO/00025 



DETAILED DESCRIPTION OF THE INVENTION 

In an attempt to construct a "super-expressing" transgenic plant, by transforming tobacco 
plants with the T7pol/pT7 system, known to increase CApressioii levels in bacteria and. to 
some extent, in animal cells, the inventors have surprisingly found that plants Transformed 
with the enzyme T7-pol under the control of the constitutive promoter CaMV-35S (p35S), 
as well as with a reporter gene (GUS) placed under the control of the pT7, were silenced in 
respect of GUS expression although sufficiently expressing T7-poh 

Thus, the present invention relates to an expression-silencing system comprising: a first 
DNA construct comprising a nucleotide sequence corresponding to the T7 RNA 
polymerase gene (T7-poI) or to a functional equivalent or fragment thereof which sequence 
carries an NLS sequence, the first construct further comprising at least one promoter and at 
least one terminator sequence opexably linked to the T7-pol; and a second DNA construct 
comprising a T7 promoter sequence (pT7) or a functional fragment thereof, at least one 
targeting sequence downstream to said pT7 and at least one 3' non-translated terminator 
sequence operably linked to the targeting sequence; which system is capable, upon 
introduction thereof into a cell, of rendering the expression at the RNA level of a target 
sequence in said cell, in a tissue nr organ regenerated from said cell or progenies thereof, 
substantially silenced, which silencing is caused by the substantial disappearance of the 
RNA or RNA transcript carrying said sequence or a part thereof. 

Alternatively, the expression-silencing system of the invention may comprise a nucleotide 
sequence corresponding to the T7 RNA polymerase gene (T7-pol) or a functional 
equivalent or fragment thereof which sequence carries an NLS sequence, the system 
further comprising at least one promoter and at least one terminator sequence opembly 
linked to said T7-pol, a "17 promoter (pT7) or a functional equivalent or fragment thereof 
at least one targeting sequence downstream tn the pT7, and at least one additional 
terminator sequence operably linked to said nucleic acid sequence of interest, said system 
being capable, upon introduction thereof into a cell, of rendering the expression at the 
RNA level of a target sequence in said cell, in a tissue or organ regenerated from said cell, 
or in progenies thereof, substantially silenced, by causing the substantial disappearance of 
the RNA or of an RNA transcript carrying said sequence. 
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Dy the term 'functional cqtrivalcnt/analogue/firagmcnt thereof is meont any variant of the 
nucleic acid sequence which retains the biological function of the peptide, protein or 
protein product transcribed therefrom or any variant of the protein or peptide itself which 
retain their biological function- Such variants may include modifications, mu tati on *, 
deletions replacements and/or insertions within the naturally occurring sequence. 
The term 'targeting sequence* lor purposes defined herein refers to any exogenous 
sequence which is introduced into a selected cell by means known to the man of the arc, 
such as by employing the expression-silencing system defined herein. Exogenous nucleic 
acid sequences according to the invention can possess sequences identical or substantially 
homologous to an endogenous sequcucc/s or to a part thereof which endogenous 
sequence/a are present in the cell prior to introduction of said system into said coll. Yet, 
the exogenous nucleic acid sequence can possess sequences identi cal or substantially 
homologous to a pathogenic nucleic acid sequence pres ent in said cell wrough infection 
thereof by a pathogen. Naturally, the expression-silencing system of the invention may 
contain one or more targeting sequences. 

The targeting sequences according to The invention are those which permit integration into 
the genome oFthT^ecied cell containing the target gene of interest or into any other 
nucleic acid sequence preaent in said cell either prior to introduction of the system of the 
invention into the cell or as a result of a later infection. Such sequences include those 
encoding a pathogenic product (eg. a protein or o peptide), irrespective of whether the 
pathogenic genome will constitute an integral part of the genome of the cells. 
The targeting sequences may be a coding or a non-coding nucleic acid sequence either 
lying upstream of the Transcriptional start site, within the primary transcript, or 
downstream of the transcriptional stop site of the nucleic acid of interest (target sequence), 
or the targeting sequence may be any sequence present in the cell through, a previous 
modification. Thus, the targeting sequence or sequences according to the invention may, 
independently, correspond to the sequence within a gene of interest (such as, the sequences 
of an exon and/or intron), immediately adjacent to a gene of interest (i.e., with no 
additional nucleotides between the targeting sequence and the coding region of the gene of 
interest), upstream gene of interest (such as the sequences of the upstream non-coding 
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region or promoter sequences), or imstream of and at a distance from the gene (such as, 
sequences upstream of the promoter sequences). 

By the twin 'tajget sequence' is meant any sequence, the suppression of expression of 
which is desired. The sequence may he endogenous or it may be a sequence of an infecting 
pathogen. Preferably, the selected cell in which the expression at the RNA level is 
substantially silenced is any cukaryotic or prokaryotic cell such as a plant cell, a 
manunalion cell, bacteria, yeast, their pathogens or any suitable tissue culture cells. 
By the term 'regenerated tissue or organ' is meant any differentiated tissue or organ 
regenerated from the cell into which the system of the invention was introduced. One 
example for a regenerated organ according to the invention is a differentiated flcrwering 
plant regenerated from a plant cell into which the silencing system of the invention was 

introduced. — 

The saenemg^of expression by the-system of the-mvention-occurs_at the RNA level as 
indicated by the disappearance of the RNA carrying the target sequence, a part thereof or a 
sequence corresponding thereto. A specific example for such disappearance may be seen in 
Figs. 3 and A, which show that although the GUS gene is transcribed, no GUSinKNA is 
detected. The KNA according to the invention can be any RNA sequence, cither a coding 
-or a non^duig^ne-orat-mayJbeja Jranscript_of an RNA or DNA coding or non-coding 
sequences. 

In particular, the target sequence according to the invention corresponds to> (a) a gene 
encoding a protein or a peptide product, the silencing of which is desired; (b) a non-coding 
nucleic acid sequence, which, under normal conditions, promotes the expression of an 
essential coding sequence; (c) a nucleic acid sequence which corresponds to (a) or to fb) or 
to a fragment thereof , within the scope of degeneracy of the genetic code; or (d) a nucleic 
acid sequence which hybridizes with ihe sequence according to (a), to (b), or to (c) or with 
fragments thereof, which hybridization is carried out under conditions which allow such 
-hybridization to occur.-Thc conditions for hybri<lizatoon vary and include, for example, 
hybridization at about 50"C in a solution containing 0.9 M of a suitable salt, such as NaCl. 
In case the selected cell is a plant cell, the target gene may encode an expressible plant 
protein or peptide or an expreesibl protein or peptide product of a plant pathogen. 
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The protein or peptide product of the plant pathogen may be selected from a piimt virus, a 
bacterium or a fungus, all of which are capable of infecting the plant. One example for a 
target gene encoding a bacterial protein is the GUS gene that may be introduced into to the 
plant cell by methods known to the man of the art and is then expressed in the plant cell. 
Alternatively, the target gene according to the invention may be a gene that encodes a 
human protein or peptide product or a protein or peptide product of a human pathogen. 
Accordingly, the system of the invention will render the expression of me human target 
gene substantially silenced. 

Yet further, the target sequence according to the invention may be a non-coding sequence 
mcludinK, inter alia, one or more regulatory elements which, under normal conditions, 
promotes the expression of a specific coding sequence. 
Within th* g ^sion-suencing 

promoter region of the bacteriophage T7 or to functional analogues thereof, which 
promoter is capable of initiating transcription of at least one targeting sequence 
downstream thereto. 

According to one particular embodiment of the invention, the target sequence is the TMV 
_JSS*&m W« " [Galli c D. R. «r al . Kucl. Acids Re*. 15:3257-3272 (1987)], the 
NLS sequence is preferably the SV-40 NLS sequence, the promoter sequence is preferably 
the plant promoter P 35S and the terminator is preferably the NOS terminator. An example 
for a system consisting of the above elements may be seen in Figure J . Aa an alternative to 
the NOS terminator, the 6-1,3-gluconase terminator may be utilized or any other suitable 
taminator which is capable of terminating the transcription of a nucleic acid sequence and 
of the adding polyadenylated ribonucleotides to the 3 end of the primary transcript of the 
target sequence. 

Within one embodiment of the system of the invention, the T7 terminator and the NOS 
tenninator are operably linked within the system of ^e invention to the targeting sequence. 
Evidently, any functional equivalent or fragment of the NLS sequence, the promoter or the 
tenninator sequence may be employed in the expression T suencing system of the invention. 
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As indicated above, a particular embodiment of the fust and second DNA constructs of the 
invention is shown in Figures 1A and IB, respectively. As may be understood from the 
figures, the different constituents comprising each construct arc linked in a predefined 
order to enable the efficient silencing of the target gene in the selected cell, upon 
introduction of the system thereto. 

According to a second aspect, the invention relates to a process tor the transformation of a 
□ plant with a gene-silencing system which process comprises the steps of:- (a) transforming 
S plant cells with:- (i)a first DNA construct comprising a nucleotide sequence 
W corresponding to the T7 FNA polymerase gene (J7-pol) or a functional equivalent or 
m Xhttuiicut thereof, at least one plant promoter and at least one plant terminator sequence 
fU opcrably linked to said T7-pol; and with (ii) a second DNA construct comprising a T7 

^ promote r sequence or a functional fragment thereof; a targeting sequence downstream to 

N= the T7 promoter, and at least one T non-tr anslated terminator sequence opcrab ly linked to 
;ij the targeting sequence, said construct optionally further comprising other additional 
Ly regulatory elements opcrably linked to the targeting sequence. The process further 
g comprises the steps of (b) selecting the plant cells transformed with at least one DNA 
construct according to (a) and regenerating said selected cells 10 provide a differentiated 
flowering plant; and (c) hybridizing a plant transformed with said first DNA construct with 
u plant transformed with said second DNA construct, which first plant and second plant 
are obtained in (b), ihe hybridization thus provides a double-trauafunncd plant wherein the 
expression of a target sequence is substantially suppressed- Evidently, cells transformed 
with both constructs at a single process stage may be utilized for further hybridizations as 
described herein after. 

Within the same aspect, the invention also concerns to a process for the transformation of 
plant with a gene-silencing system, which process comprises the steps oft- (a) transforming 
plant cells with a DNA construct comprising a nucleotide sequence corresponding to the 
T7 RNA polymerase gene (T7-poi) or a functional equivalent or fragment thereof which 
sequence carries an NLS sequence* the construct further comprising at least one plant 
promoter sequence and al least one plant terminator sequence operably linked to the 

p lymera3e-gcnc, a-T-7-promoter sequence (pT7) or a functional fr agme nt thereof, a 

targeting sequence downstream to said pT7, and at least one additional terminator 
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sequence operably linked to said targeting sequence, which DNA construct is capable, 
upon transformation thereof into a plant, of rendering" the expression of a target sequence 
in said plant or in its progeny, substantially silenced; (b) selecting plant cells transfbuned 
with said DNA construct according to (a) and regenerating said selected cells to provide 
such differentiated flowering plant 

According to this process the targeting sequence substantially corresponds to the target 
sequence or to a fragment thereof. In addition, the target sequence according to the process 
disclosed herein corresponds to:- (a) a gene encoding a protein or a peptide product, the 
silencing of which is desired; (b) a nan-coding nucleic acid sequence, which, under normal 
conditions, promote the expression of an essential coding sequence; (o) a nucleic acid 
sequence which corresponds to (a) or to (b) or to a fragment thereof, within the scope of 
degeneracy of the genetic code; or (d) a nucleic acid sequence which hybridizes with the 
''^^^Ix^ ^n'^W&j^ii to (c) or with fra«inents thereof, which hybridization 
is carried out under conditions which allow such hybridization to occur. Such 
hybridization conditions vary and include, inter alia, hybridization at 50°C in a suitable 
electrolyte, such as NaCl. solution (0.9M). 

As may be seen inltefoUowing ExnrnpteTup^^ductio^of the~exp^^on~silencing 
-system of the invention (Figs. 1 A and IB), containing as the torget gene the sequence 
encoding the GUS protein, into a plant cell that was previously engineered to express this 
bacterial protein, the expression of the gene .was suppressed. 

In a third aspect, the invention relates to a method for producing a transgenic plant 
carrying a substantially silent target sequence, by hybridising a plant carrying and 
expressing said target sequence with a transformed plant obtained by the process of the 
invention. 

In yet another aspect, the invention relates to a method for producing a transgenic plant 
carrying a substantially silent target sequence, by grafting a plant, or parts thereof, carrying 
and expressing said silent target sequence on a transformed plant obtained by the process 
of the invention, as shown in Example 4. 
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Transgenic plants or progenies thereof obtained by the above disclosed methods, in which 
the expression of a predefined target sequence is substantially suppressed as the result of 
said hybridization, are also within the scope of the invention. 

in a further aspect, the invention concerns with a method of silencing the expression of a . 
target sequence within the genome of a plant or within the genome of a plant infecting 
pathogen present in the cell prior to the following manipulations, which method comprises 
the steps of:- (a) providing a first plant capable of regenerating; (b) hybridizing said first 
plant with a second plant transformed with:- (i) a fust DNA construct comprising a 
nucleotide sequence corresponding to the T7 RNA polymerase gene <T7-pol) or a 
functional equivalent or fragment thereof which sequence carries on NLS sequence, said 
construct further comprising at least one plant promoter and at least one plant terminator 
sequence operably lined to said sequence; and with (ii) a second DNA construct 
comprising oT7 promoter sequence (pT7), a targeting sequence downstream to said pT7 
and a 3* non-translated terminator sequence operably linked to said targeting sequence, 
said construct optionally further comprising additional regulatory elements operably linked 
to said targeting sequence, said plant being referred to as a double-transformed plant; and 
(c) selecting plants obtained by the hybridization of step (b), in which the expression of 
said target sequence is substantially silenced. 

Alternatively, the method of silencing the expression of a target sequence within the 
genome of a plant according to the invention or with the genome of a plant infecting 
pathogen present in the cell prior to the following manipulations may comprise the steps 
of> (a) providing a first plant comprising said target sequence, which plant is capable of 
regenerating; (b) hybridizing said first plant with a second plant transformed with a DNA 
construct comprising a nucleotide sequence corresponding to the T7 RNA polymerase 
gene (T7-pol) or a functional equivalent or fragment thereof which sequence carries an 
NLS sequence, said construct further comprising a plant promoter and a plant terminator 
sequence operably linked to said T7-pol, a T7 promoter (pT7) or a functional fragment 
thereof, a targeting sequence downstream to said pT7, and at least one additional promoter 
sequence operably linked to said targeting sequence and; (c) selecting plants obtained by 
the hybridization of step (b), wherein the expression of said target sequence is substantially 
silenced. 
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In any case, the t ar g etin g sequence within the system will substantially corresponds to the 
target sequence or to a fra gment thereof and the target sequence may correspond to:- (a) a 
gene encoding a protein or a peptide product, tha silencing of which is desired; (b) a 
non-coding nucleic add sequence, which, under normal conditions, promotes the 
expression of an essential coding sequence; (c) a nucleic acid sequence which corresponds 
to (a) or to (b) or to a fragment thereof, within the scope of degeneracy of the genetic code; 
or (d) a nucleic acid sequence, which hybridizes with the sequence according to (a), to (b)» 
co- to (c) or with fragments thereof, which hybridization is carried out under conditions 
which allow such hybridization to occur. 

Finally, the invention concerns wilh. a method of identifying a nucleic acid, of interest 
within a plant's genococ wuerciu the nucleic acid of interest encodes a pre-defined plant 
phenotype, which process comprises the steps ofi- (a) providing a first plant comprising 
within its genome said nucleic acid of interest; (b) transf earning said first plant with a 
second plant transformed with:- (i)a first DNA construct comprising a nucleotide 
sequence corresponding to the 17 RNA polymerase gene (T7-pol) or a functional 
equivalent or, fragment thereof which sequence carries an Nf -S sequence, said construct 
further comprising at least one plant promoter and at least one plant tenrrinaior sequence 
operably lined to said sequence; and with (ii) a second DNA construct comprising a T7 
promoter sequence, a random nucleic acid sequence downstream to said T7 promoter, and 
a 3" non-translated terminator sequence operably linked to said random nucleic acid 
sequence. Said construct optionally further c ompri si n g additional regulatory elements 
operably linked to said nucleic acid of interest, said transformation thus provides a 
population of transgenic plants; (b) selecting from the population obtained in step (a) 
transformed plants/plant cells in which the pre-defined phenotype is substantially silenced; 
end (e) employing said random nucleic acid sequence within the genome of the 
transformed plants selected in step (c) as a probe in scre ening genomic DNA. and cDNA 
libraries of said first plant, thereby identifying the gene comprising said random nucleic 
acid sequence which gene is responsible for said pre-defined phenotype. 
Alternatively: tie method of identifying a nucleic acid of interest within a plant's genome 
wherein said nucleic acid of interest encodes a pre-defined plant phenotype, may comprise 
the steps of:- (a) providing a first plant comprising within its genome said nucleic add of 
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interest; (b) transforming said first plant or with a second plant transformed with a DNA 
construct comprising a nucleotide sequence corresponding to the T7 RNA polymerase 
gene (IV-pol) or a functional equivalent or fragment thereof which sequence carries an 
NI.S sequence, said construct further comprising at least one plant promoter sequence and 
at least one plant terminator sequence operably linked to said T7-pol, said DNA construct 
further comprising a T7 promoter sequence or a functional fragment thereof, a random 
nucleic acid sequence downstream to said T7 promoter, and a 3* non-translated terminator 
sequence operably linked to said random nucleic acid sequence; and (c) selecting ftom Hie 
plants obtained in step (b) those transformed plants in which the predefined phenotype is 
aubstontially silenced; and (d) employing said random nucleic acid sequence within the 
genome of the transformed plants selected in step 00 as a prone in screening genomic 
DNA or cDNA libraries of said first plant, thereby identtfying the gene comprising said 
.^ndpm,rtticleic.acid sequence.^h gene is responsible taismd pre-defined phenotype. 
Evidently, any further uses of the cession-silencing system, the process for the 
transformation of a selected cell with said system, the transgenic plant introduced with the 
system of the mvcrmon^andThe different methods of the" invention.- are also within the 
scope of tHc'inventiott ~ ~~ 

The invention will now be described in an illustrative manner and it is to be understood 
that the terminology which will be used is intended to be in the nature of the words of 
description rather man of limitation, 
^^ous^many^c^cati^ns and variations of the pTefienrinWtionare possible in light 
of the above teaching. It is therefore, to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described. 

"EXAMPLES 

.Example 1 - General methodology 

DNA sequences were isolated from plants, fiom bacteriophage T7_and from the virus 
tobacco mosaic virus (TMV) and propagated in a suitable plaamid (e.g. pBluescript, 
pCR2.1) in Rcoli JM1 09 by a sta ndard proce dure [Sambrook J., et ah M lecular Cloning, 
A Laboratory Manual. Cold Spring Harbor Press (1989); Ausbubel F.M., et aL Current 
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Protocols in Molecular Biology. John Weily & Sons Inc. (1995)]. Alternatively. DNA 
sequences to be transferred to plants were provided by the binary plasmids (such as the 
pBHOl). The DMA sequences utilized were the plant promoter p35S, the bacteriophag 
gene for T7 RNA polymerase (T7-pol), the plant terminator NOS, the bacteriophage 
tenninator (T7-t«minator), the translation enhancer from TMV (Q) and the coding 
sequence of the bacterial gene for B-glucurorudase (GUS). 
Cloning o/T7-pol and GUS 

The gene for T7-pol was 5" -fused with the n-mnislation-enhanccr element from TMV and 
the SV-40 element. NLS. directing protein transport to the nucleus: This construct was 
placed between a CaMV-35S promoter (u35S) and a NOS tenninator and was 
designawd-35S-T7-pol. Two constructs of GUS were prepared, both 5' -fused to fl: one 
construct p353-GUS was TUgccd>crween^p35j-ana ^^ OS _ texn3 ^°^ otter 
(pT7-OU 3) between pT7 and, assuming that T7-pol may not recognize plant termination 



signals, two terminators: the plant NOS terminator and the bacteriophage T7 terminator. 
All constructs also carried the NPTH gene for Km resistance, and were transferred into the 
binary plasmids pGA643 and pBIlOl [V^ et a t. Proc. Natl. Acad. ScL USA 90: 
7513-7517 (1993)], which provided border sequences foT integration into the jilanr*s 
genome and cassettes for a selectable marker in plants Gcanaraycin resistance). Figure 1A 
and IB show the constructs obtained. Figure 1C represents a postuVe control wherein the 
casset te introduced into ihc binary plas mid pBIlOl carries the GUS coo mg scqu enc s 
between p33S and the NOS tenninator. 

GUS assay 

Gus activity was assayed either histochemically or by fluorometric determination of the 
production of 4-methylumbelliferone (4-MU) from its substrate 4-memylumbellfcryl 
glucuronide (MUG, sigroa) according to the methodology described [Jefferson RA, Plant 
Mol. Biol. Hep. 5:387-405 (1987)]. 

RNA assay 

All assays were' carried out with P 33S-T7-poVpT7-GUS plants and with 35S-GUS plants 
as controls. Since the absence of GUS expression could have been attributed to the 
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expression of an Inactive T7-pol, or to its inability to move to the nucleus and affect 
transcription, initial transcription was tested first by nuclear run-on assays. As indicated in 
Figure 3, GUS transcripts were driven from p35S as well as from pT7. The level of GUS 
transcription from pT7 was comparable to that of the expressed T7-pol and NPTII genes 
(driven by p35S and pNOS, respectively), but higher than the internal control of the 
ubiquitin gene under its own native promoter. As expected, the control p35S-GUS plants 
readily transcribed GUS, 

RNase-protectian assays, however, indicated that while T7-pol-mKNA and acun-niKNA 
are present in the 35S-17-pol/p 17-Ctl IS plants. GUS-mKNA is absent. GUS-xnRNA and 
the internal control actin-mRNA were both detected in the control p35S-QUS plants (Fig. 
4). Silencing of GUS expression in a plant T7-pol/pT7 system therefore occurs at a post- 
transcriptional stage. 

^Nuclear run-on assay 

The procedure was carried out essentially as described by Cox and Goldberg [Cox ICH., 
and Glodherg R.H, Fn Plant Molecular Biology. A Practical Approach (Shaw C.H, Ed) 
Washington DC IRL Press pp 1-35]. Reduction of the starch content was found to be 
essential for a good preparation. Therefore, plants were stored in the dark for 48 hr prior to 
uuclcic isolation. Nuclei were finally separated on 40-76% pcreol gradients and stored as 
100 mJ aliquuls at -80°C. 

In order to enable quantitative comparisons, relevant plasmids (1 jig per 1000 bp) were 
boiled and quickly cooled, and the denatured plasmid was slot-blotted onto a nitrocellulose 
membrane, A regular Southern-type procedure was then performed with the nuclear RN A 
preparation as a probe. 
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KNase protection assay 

GUS mRNA electrophoresed to about the same position as the 18S rRNA. To avoid 
background problems, KNase protection was therefore preferred to Northern-blot 
hybridization- 

RNase protection assays were carried out essentially according to the manufacturer's 
protocol (Ribonuclease Protection Kit Ambion). Three probes were prepared for the 
RNase protection assays: An internal control actin probe (474 bases) was m a d e by PGR 
amplification of a segment of the actin cDNA between bases 4282-4736 from tobacco 
DNA (GenBank #X63603). The amplified product v*as cloned into the plasniid Blucscxipt 
KS (Stratagene). The ontisense prube was transcribed from the T3 promoter of the 
linearized recombinant plasmid (BamHl). The GUS probe was prepared by cleaving our 
-an-Xbal-EooRl fragment from a OUS carrying plasmid (pBI221, Clonotech) end 
subcloning it into thc^plosmid Blucscript. A ^T60bp~antifl ch se probe" was prepared by 
transcribing the Mini-linearized plasmid from the T3 promoter. The probe for T7-pol was 
a BamHl -EcoRl~ fragments subcloned into Bluescript from Tabor and Richardson's 
plasmi<LpGPl -2_ The antisense probe (240bp) was transcribed from the T7 promoter of the 
Ndel-linearized plasmid. 

Example 2 * Plant transformation and silencing of GUS expression 

Agrobacterhan tumefacierts carrying a compatible disarmed Ti plasmid (e.g. pEHAlOl) 
was transformed with one of the engineered binary plasmids by triparental mating [An 0. T 
Methods Enzymol. 153:292-305 (1987)], or by electroporation [Li-Chin-Ho et aL Plant 
Physiology and Biochemistry 35:959-968 (1997)] with GenePulser II (performed 
according to the manufacturer's instructions, Biorad). 

Agrobarterium-mcdiated transformation was carried out, and homozygous plants were 
selected at the R2 stage as described previously [Vardi E., er aL (1993) ibid.']. In particular, 
tobacco and tomato leaf discs were inoculated with the transformed A* tumefaciens 
according to standard procedure [An G. (1987) ibtcL]. Agro-inoculated leaf discs were 
placed on the following medium: MS salts (4.71 gr/L) [Murashige T. and Skoog F. 
Physiol. Plant 15:485-497 (1962)], sucrose (20 gr/L), maniol (10 gr/L), Nobel Agar 
(10 gr/L), seaim (2 mg/L), IAA (indole acetic acid 0.1 Gr/L), pH 5.8- After 48 hra in this 
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medium, the leaf discs were transferred into a fresh medium further containing kanamycin 
(300jig/ml) and carbenicillin (300jig/ml) which was replaced every 10 days. Callus 
developed from the leaf discs (20*30 days from Agro-inoculation) was transferred to the 
same initial medium however containing 400 jtg/ml kanamycin. Shoots developing from , 
the callus were transferred individually for root development to a medium containing: MS 
salts (4.71 g/L). sucrose (30 gr/L), Nohel Agar (10 grfL)- Rooted shoots were then potted 
and transferred to the greenhouse to grow into mature flowering plants: 

As an alternative procedure, plants may be introduced with the relevant vectors also by 
biolistic methods [Bionard protocols] by bombarding beads coated with the pertinent DNA 
into plant tissues. 

As an alternative to the selection of the transformed plants using a selection marker, 
efficient selection may be obtained based on PCK identification of the transgene or by 
_ histochemicahassays for GUS expression, as an alternative or in addition to the selectabl 
marker. 

Plants transformed with the construct shown in Fig 1 A, which were capable of expressing 
(transcription and translation) GUS, were hybridized with plants transformed with the 
cassette comprising pT7~ Q, GUS" and two terminators (FigTlB). The resultant double- 
transformed plant expressed T7-pql_(Fig 2), transcribed GUS (Fig, 3) but did not produce 
GUS mRNA (Fig, 4) and thus was unable to express GUS protein (Table 2), which 
exhibits the silencing of the expression of GUS at the post-transcriptional level. 
Importantly, the expression of CM JS was si leticed in ah the resulting transgenic plants. 

Example 3 - Preparation af progeny silenced plants via pollination {silencing in trans) 

Transgenic R0 tobacco plants carrying the p35S-RNA-pol construct were crossed with 
similar plants carrying the pT7-GUS construct (see Fig. 1 for a diagram of the constructs). 
The hybrid plants were self-pollinated and progeny were selected for several generations. 
At all stages plants were PCR-analyzed for both T7-pol and GUS, and only plants carrying 
both genes were selected. Then, a double transformed 35S-* l7-pol/pT7~GUS plant was 
pollinated by an expressing 35S-GUS control plant. Three of the progeny plants out of 18 
were found to cany all three genes (3SS-T7-POL pT7-GUS and 35S-GUS) as determined 
by PCR using a promoter-specific and a gene-specific primers for each case. None of these 
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triple -transformed plants exhibited GUS activity cither by histochemical staining (data not 
shown) or by measuring CUS activity in plant's extracts (Table 1). Hence, once the 
T7-derived silencing machinery was set in motion it was capable of silencing an already 
active pertinent gene. The evoked silencing mechanism was therefore not a peculiarly f 
the foreign T7 system but carried relevance to silencing of the gene under a "native" plant 
promoter. 

Many of the 35S-T7-pol/pT7-GUS transgenic plants, belonging to all lines, expressed 
T7-pol, as indicated by Westem-hlot analyses. Seedlings of these plants (2,100, belonging 
to 21 lines) were tested for GUS expression histochemically, or by assaying GUS activity 
in plant extracts. 

T7-diiven OUS activity could not be found in these plants* Lack of GUS expression was 
observed in the double -transformed plants regardless of the level of expression of T7~pol 
(Table l)rOnly in two plants GUS staining was observed in pollen grains (Figure 2) and 
callus (data not shown). GUS activity was, however, fully silenced in the leaves of these 2 
plants which was corroborated also by nuclear run-on and RNase protection assays. 



Table 1 - GUS enzymatic activity 



The transgenic plant 


No. of tested plants 


GUS activity (average) nmolc 
4-MUVh/mg protein 


Nnn- transformed (SRI) 


5 


0.7 


35S-OUS 


5 


272±71 . 


T7-GUS 


5 


0.8 


35S-T7-pol 


5 


0.6 


3SS-T7-poI/T7-GUS* 


3 


0.7 


35S-T7-pol/I7-GUS/35S-GUS b 


3 


0.6 



■ doublc-transfbizxied plants 
b triple-transformed plants 



Example 4 - Silencing of expressing a target gene via grqfting 

Transgenic RO tobacco plants carrying the p35S-RNA-pol construct were crossed with 
similar plants carrying the pT7-GUS construct (Fig. 1). The hybrid plants were self 
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polliuated and progeny were selected for several generations. At all stages plants were 
PCR-analyzcd for both T7-pol aad GUS, and only plants carrying the both genes were 
selected. Then, a acion from an expressing 35S_GUS plant was grafted upon the 
double-transformed, GUS-sileneed plants. Shoots growing from the grafted scions were 
examined for GUS expression histochemicolly • Three out of the 6 plants in this experiment 
.were silenced for GUS. Hence, in some cases, once the T7-derived silencing machinery 
was set in motion, it was capable of signal silencing to an already active pertinent gene 
across a graft, 

trample S - Conferring plants with resistance to a plant pathogen (TMV) 

Resistance xo TMV in plants carrying the expression silencing system of the invention 
which included a TMV originated sequence («) downstream to pT7 was also examined, 
-Accordingly;-several-^^ TMV 
(lOngtal in 0.01M phosphate buffer)- Seven days post-inoculation, five leaf discs (6 mm 
In diameter) were cut of randomly from each plant and identically processed for ELISA 
with antibodies raised against the purified virus* The results presented in Tabic 1 show that 
all the double-transformed plant became partially or fully resistant to TMV (Table 2). 

These results and the results presented for the silencing of GUS expression clearly indicate 
that the expression silencing system of the invention may cany a variety of targeting 
genes, homologous or heterologous, thereby silencing a hroad. spectrum of genes of 



interest. 
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Table 2 - EUSA readings for TMV In tobacco plants 





ivpc oz piani 


Absorbance at 4 OS am 




Non-infecied 


0.038 




Ncn*traasgenic, TMV infected 


0.614 

• 




Double transfbimant 1 


0.208 




Double translbrmariT 2 


0.022 




Double trarafriTmant 3 


U.250 




Double transformant 4 


0.087 




Double transf oxmam 5 


0.015 




Triple tnmsfbrcnaiit 1 


0.045 




Triple tiaasfbmiaxxt 2 


0.008 




Triple trzuisfbirnant 3 


0.042 



